M aximal oxygen uptake (Vo2) is an objective index of cardiopulmonary reserve in normal peak subjects. '-4 In contrast to normal subjects, peak Vo2 rather than maximal Vo2 is measured in patients with congestive heart failure (CHF) who most often do not reach a plateau in Vo2 during symptomlimited maximal exercise testing. [5] [6] [7] During graded maximal exercise with the lower limbs (LL) such as running uphill or bicycling, normal subjects recruit at least 50% of the total skeletal muscle mass and thereby exhaust the cardiopulmonary reserve. [8] [9] [10] [11] When compared with normal subjects of similar age, patients with CHF have a reduced skeletal muscle mass in the LL that correlates with the degree of exercise intolerance. '2-14 In addition to muscle atrophy, an impaired vasodilatory response to exercise in patients with CHF may reduce oxygen availability and therefore further decrease the amount of active skeletal muscle mass in the LL during bicycling or running uphill. Whether maximal bicycle exercise with the LL involves enough active skeletal muscle mass in these patients to attain the limit of the cardiopulmonary system is unclear.
Accordingly, the present study was undertaken to determine peak Vo2 attained during LL bicycling alone and during LL bicycling combined with upper limb (UL) cranking in patients with CHF of variable severity and in normal subjects of matched age and sex. Methods
Patient Population
Twenty-one men and three women with stable CHF and symptoms compatible with functional class I-IV according to the criteria of the New York Heart Association (NYHA) were studied. Their age averaged 58.6 years (range, 37- 
Normal Subjects
The rest and peak exercise hemodynamic parameters are detailed in Table 2 for the seven normal subjects. At peak exercise, heart rate and systolic blood pressure were similar in normal subjects during exercise with LL+UL and LL alone (150. Overall, peak Vo2 increased significantly more during exercise with LL+UL relative to LL alone in patients with CHF when compared with normal subjects (14.5±3.7% versus 2.0±2.3%, respectively, p<0.05). However, the increase in peak Vo2 attained during exercise with LL+UL relative to LL alone was predominantly observed in patients with more severe impairment in peak aerobic capacity (Figure 1 ). Peak Vo2 during LL+UL exercise increased more than 10% relative to LL exercise alone in 12 of 16 patients with peak Vo2 less than 15 ml * kg`-l min`during LL exercise alone. For these 16 patients, the mean increase was 21.7±4.1%. In contrast, peak Vo0 during LL+UL exercise increased more than 10% relative to LL exercise alone in only one of eight patients with peak Vo2 >15 ml* kg`min-1 during LL exercise alone. The absolute changes in peak Vo2 between combined LL and UL exercise and LL exercise alone as a function of initial exercise, whereas ECG was monitored continuously.
peak V02 are illustrated in Figure 2 . In patients with cise by >10% relative to LL exercise alone in any normal subjects.
Discussion The present data demonstrate that patients with severe CHF reach a substantially greater peak Vo2 during exercise with LL+UL than during exercise with LL alone. In contrast, patients with mild-to-moderate CHF, i.e., peak Vo2 > 15 ml * kg.* minm-, behave like normal subjects as they reach similar peak Vo2 during exercise with LL+UL and LL alone.
Our findings in normal subjects are in agreement with previously published data.15-17Astrand and Saltin16 first reported that six normal men and one woman reached an almost identical maximum Vo0 during exercise with LL+UL and LL alone. They subsequently confirmed their early results in another cohort of 10 normal subjects that included six men and four women. The difference in maximum Vo, between exercise with . 25 35 PEAK V02 (ml/kg/min.) FIGURE tribute to age-related decline in maximum Vo2 since limb blood flow attained during exercise has been shown to steadily decrease with age in normal subjects. 34 Attenuation of the metaboreceptor system in CHF may result in a less effective distribution of cardiac output during exercise.35-37 Whether this phenomena is directly responsible for decreased exercise tolerance in CHF or whether exercise intolerance may result from an increased stimulation of central command is unclear. The higher heart rate attained during exercise with LL+UL when compared with LL alone argues in favor of the latter explanation.
Study Limitations
There are several potential limitations of the study. Skeletal muscle mass was not measured in the LL of patients or normal subjects. Moreover, skeletal muscle metabolism was not assessed during exercise with LL+UL and with LL alone. Although the increase in peak Vo2 observed during exercise with LL+UL when compared with exercise with LL alone could have resulted from a wider (A-V) 02 difference, this is unlikely because skeletal muscle oxygen extraction is already maximum during LL bicycling in patients with severe CHF.38 Because skeletal muscle mass, metabolism, and regional blood flow were not measured, the relative contribution of muscle atrophy, abnormal muscle metabolism, and impaired vasodilatory response to exercise to explain the difference in peak Vo2 between combined LL bicycling and UL cranking and LL bicycling alone in patients with severe CHF cannot be determined. Nevertheless, our data point out that besides the cardiopulmonary system, the amount of active skeletal mass is an important determinant of peak Vo2 in patients with severe CHF.
